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@ Plasma processing system and method. 



@ An etching system comprises a plasma chamber (20), a charge exchange chamber (22) and a processing 
chamber (24), and the charge exchange chamber and the processing chamber are partitioned with a porous 
plate (34) provided with a number of fine linear microchannel holes (34A). Positive cons generated by the plasma 
chamber, are accelerated by an accelerating electrode (26) in the charge exchange chamber, charge-exchanged 
and introduced as neutral particles Into the processing chamber through the microchannel holes. Neutral 
particles are vertically entered into an object (S) to be processed as neutral particle beams of which directions 
are completely aligned by the microchannel holes. Even an object with a large area can be etched with high 
accuracy by making the porous plate in a size which meets the object. Thus, the plasma processing only with 
neutral particles Is carried out with high accuracy even when the area of the object is large. 

FIG.l 
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The present invention relates to a plasma processing system and method, particularly, a plasma 
processing system and method appropriately suitable to applications such as etching and film formation on 
a surface of an object to be processed by irradiating a neutral particle beam, which comprises only 
electrlcaHy neutral particles (atoms and molecules), onto the surface of the object to be processed. 

5 One of plasma processing systems which use the plasma is a so-called dry etching system. This dry 
etching system has generally employed an etching method according to which a reactive gas is plas- 
matized by high frequency glow discharge (RF discharge) to produce ions and chemically active neutral 
species and these ions and neutral chemical species are transported to a surface of an object to be 
processed and reacted thereon, thereby the etching is carried out. 

10 In the above described etching method, an object to be processed of which surface is covered with an 
etching mask is set on a high frequency electrode and an action in an incident direction is accelerated by 
accelerating the positive ion in a direction vertical to the surface of the object to be processed with a 
negative bias potential induced on the surface of the object to be processed to enter into the object to be 
processed, thereby it is intended to attain high precision processing with high anisotropy faithful to the 

15 above etching mask. 

In the above etching method, however, an Isotropic etching with an undlrectional radical {neutral 
chemical species) is simultaneously carried out since the above radical is electrically neutral. Therefore, a 
side etching also proceeds and It is difficult to attain a complete anisotropic form; for example, this side 
etching is a large problem in a fine work on semiconductors in terms of submicron. 
20 To solve this side etching problem, there have been proposed a method for forming a protective film 
which prevents reactions on a side wall of a part to be processed (etched part), a method for controlling a 
radical reaction on the side wall by lowering the temperature of an object to be processed or an etching 
method by producing a plasma with a higher ion density, a low pressure and a low radical density. 

These methods to solve the side etching problem use positive charged ions which are aligned in the 
25 direction. Therefore, since the direction of movement of the ions depends on the associated electric field, 
the following problems are expected in a fine pattern etching in terms of submicron. 

Fig. 14 shows a part near the surface of an object 10 being etched and the surface of the object 10 to 
be processed is covered with the etching mask 12. 

When the etching is proceeded as shown in Figure 14, the incident direction of ion I is bent due to a 
30 disturbance (unevenness) of electric field E (shown with broken lines) along the surface of the object 10 to 
be processed and the ion I strikes against the side wall to cause side etching. Therefore, an expected 
anisotropy cannot be obtained and the etching accuracy deteriorates. 

Further, at the etching parts 14, 16 and 18, the ion flux which reaches the bottom, for example, 14A, 
reduces and therefore the so-called micro loading effet (or RIE lag) is caused In which the etching speed on 
35 the etching parts (16 and 18 in the drawing) with fine patterns is slower than that on the etching part 14 with 
a wide pattern. 

Furthermore, the ion has a large secondary electron emission coefficient and therefore, when the ion I 
strikes against the object 10 to be processed, the secondary electron emission takes place on the surface 
of the object 10 and the etching accuracy deteriorates. * 
40 In addition, when the ion is incident onto the surface of the object to be processed, a charge-up occurs 
on the insulation film since the ion has an electric charge, and a dielectric breakdown may be caused due 
to the charge-up to deteriorate the film quality and therefore there remains also a problem of reliability 
deterioration. 

Accordingly, it is preferable for ensuring a favorable anisotropy, control of the micro loading effect and 
45 improvement of the reliability to carry out the etching with a neutral particle beam composed of active 
species which are electrically neutral with aligned directions and small secondary electron coefficients. 

As a method for implementing a neutral particle beam which meets the above described object have 
been known a method disclosed in the Japanese Patent Laid Open No. Sho. 62-37382 and Sho 62-174917 
which, for example, uses electron attachment for obtaining a neutral particle beam by neutralizing the ion 
50 beam through the electron supply source (neutralizer) such as a filament and a method disclosed in the 
Japanese Patent Laid Open No. Sho. 61-248428, Sho. 62-174917 and Sho. 62-259443 which use a charge 
exchange reaction for obtaining a neutral particle beam composed of the radical and others by charge 
exchange of the same type of ion and radical. 

However, the above method utilizing electron attachment cannot provide a sufficient beam flux since the 
65 probability of electron attachment is low and it is difficult to efficiently neutralize the ion beam. Therefore a 
method capable of eliminating such demerit uses a saddle field type ion source to allow improvement of the 
neutralizing efficiency to 90 % or over by appropriately setting the conditions. (Vacuum, 38(6), 469 (1988), 
etc.) 
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In case of the method using the above described charge exchange reaction, the neutralizing efficiency 
Is low since the possibility of charge exchange reaction by incident ions is only once per ion. Therefore the 
Japanese Patent Laid Open No. She, 63-318058 discloses an art capable of raising the neutralizing 
efficiency by using an element such as Ne (neon) which is light but has a large cross section for charge 
5 exchange (ion neutralizing probability). 

However, those methods for obtaining a high speed neutral particle beam by the above described 
charge exchange of ions and for obtaining a neutral particle beam by neutralization with electrons cannot 
produce a neutral particle beam with aligned directions (high directionality) in a wide area and therefore 
these methods accompany a problem that high accuracy processing such as etching cannot be achieved 
10 on an object with a targe area. 

In case of the method for obtaining a neutral particle beam by charge exchange of ions as described 
above, there is a problem that the collision frequency of ions In the charge exchange chamber Is low since 
the charge exchange chamber where electric charges of ions are exchanged and the processing chamber 
where the object is processed with a neutral particle beam are kept in a substantially same low pressure 
75 condition of, for example, 10"^ Torr and therefore a sufficient charge exchange efficiency (the number of 
neutral particles produced to the number of ions introduced) cannot be obtained and the processing speed 
for the object to be processed is also low. 

Further, a necessity for improving the charge exchange efficiency to increase the processing speed on 
an object to be processed encounters with a problem that the apparatus will be Inevitably large in size 
20 because a sufficient ion flying distance should be ensured. 

The method using the above described saddle field type ion source has a problem that the energy and 
flux of the neutral particle beam produced cannot be independently controlled, the energy of the beam 
obtained Is relatively high (approximately Ik eV or over) and the width of energy distribution is large. 

The art disclosed in the above Japanese Patent Laid Open No. Sho. 63-318058 is disadvantageous in 
25 that the etching speed in the etching with a light element such as Ne is several times less than that in case 
of the etching with a heavier element such as Ar or Kr smce the etching yield in the former case is small 
and consequently an increase of neutralizing efficiency is offset and the types of usable elements are 
limited. 

The current art utilizing charge exchange reaction has a problem that the etching speed Is low since the 
30 flux of neutral particle beam produced is small. If it Is attempted to raise the etching speed to a practically 
available level to solve this problem, the energy of neutral particles is required to be approximately several 
hundreds of eV and an opposite effect against the general tendency to less energy. Accordingly, an 
important point to raise the etching speed to a practical level by a neutral particle beam generating method 
which utilizes charge exchange reaction is how to generate a tow energy neutral particle beam as much as 
35 possible and increase the neutral particle beam flux. 

The method utilizing the above charge exchange reaction is disadvantageous in that neutral particles as 
described above are less reactive when they are entered into the object to be processed and therefore a 
sufficient etching speed (depositing speed in case of film formation) cannot be obtained since neutral 
particles are only given translation energy. 
40 The first subject of the present invention made to solve the above described conventional problems is 
to provide a plasma processing system capable of implementing high precision plasma proc^ssmQ even on 
an object with a large area to be processed. 

The second subject of the present Invention is to provide a plasma processing system capable of 
raising the charge exchange efficiency despite that the flying distance of ions is short and therefore an 
45 object can be processed with a neutral particle beam at a sufficiently high speed despite of a smalt size. 

The third subject of the present invention is to provide a plasma processing system capable of 
generating a high density and high speed neutral particle beam at a high neutralizing efficiency without any 
limitation which depends on the type of usable materia! gas. 

The fourth subject of the present invention is to increase the neutral particle beam flux by Improving the 
60 efficiency of the charge exchange reaction in neutralizing Ions extracted from the ion source. 

The fifth subject of the present invention is to further provide a plasma processing system capable of 
generating a highly reactive neutral particle beam. 

The present Invention provides a plasma processing system which comprises a plasma chamber having 
plasma generating means, a charge exchange chamber for neutralizing ions generated in the plasma 
55 chamber and a processing chamber for processing an object to be processed by irradiating neutral particles 
which are neutralized in the charge exchange chamber, wherein the charge exchange chamber and the 
processing chamber are partitioned with porous plates which have a number of linear microchannel holes to 
permit fine particles to pass through from the charge exchange chamber into the processing chamber, 
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thereby achieving the above described first object. 

The present invention also provides a plasma processing system which comprises a plasma chamber 
having plasma generating means, a charge exchange chamber tor neutralizing Ions generated in the plasma 
chamber and a processing chamber for processing an object to be processed by irradiating neutral particles 

5 which are neutralized in the charge exchange chamber, wherein the charge exchange chamber is provided 
with pressure adjusting means for producing a higher pressure in the charge exchange chamber than in the 
processing chamber, thereby achieving the above described second object. 

The present invention also provides a plasma processing system which comprises an ion source, a 
charge exchange chamber for neutralizing Ions extracted by the ion extraction electrode from the ion source 

70 and a processing chamber for processing an object to be processed by entering incident neutral particles 
generated in the charge exchange chamber, wherein the charge exchange chamber is provided with means 
for controlling the velocity of ions, thereby achieving the above described third object 

The present invention also provides a plasma processing system which comprises an ion source, a 
charge exchange zone for neutralizing ions extracted from the ion source and a processing chamber for 

15 processing an object to be processed by entering incident neutral particles generated at the charge 
exchange zone, wherein the ion source and the charge exchange zone are respectively provided with gas 
supplying parts from which a material gas and a charge exchange gas can be independently supplied to the 
ion source and the charge exchange zone, thereby achieving the above described fourth object. 

The present invention also provides a plasma processing system which comprises an ion source, a 

20 charge exchange chamber for neutralizing ions extracted from the ion source and a processing chamber for 
processing an object to be processed by entering incident neutral particles generated at the charge 
exchange chamber^ wherein the charge exchange chamber is provided with means for exciting neutral 
particles generated, thereby achieving the above described fifth object. 

The present Invention also provides a plasma processing method which utilizes the plasma processing 

25 system, which comprises an ion source, a charge exchange zone for neutralizing the Ions extracted from 
the ion source and a processing chamber for processing an object to be processed with incident neutral 
particles generated from the charge exchange zone, wherein the ion source and the charge exchange zone 
are respectively provided with the gas supplying parts, the plasma processing system Is capable of 
independently supplying the material gas and the charge exchange gas to the ion source and the charge 

30 exchange zone, wherein a gas with a larger ionization potential than the charge exchange gas to be 
supplied to the charge exchange zone as the material gas is supplied to the ion source, thereby similarly 
achieving the above described fourth object. 

The present invention also provides the above described plasma processing system In which the 
charge exchange chamber and the processing chamber are partitioned with porous plates which are 

55 provided with a number of fine linear through holes, thereby further certainly achieving the above described 
objects. 

The present invention also provided the above described plasma processing system in which the 
electrode is formed at least at one side of the above described porous plate for partitioning the charge 
exchange chamber and the processing chamber. 
40 The present invention also provides the above described plasma processing system which is provided 
with a radical supply source in the processing chamber. 

The present invention also provides the above described plasma processing system in which the ion 
extraction electrode is formed with a multilayer plate which is made in a double constmction with a 
dielectric and a metal provided with an opening for extraction of ions. 
45 The present invention also provides the above described plasma processing system in which a 
neutralizer for neutralizing space charge Is provided. 

The present invention also provides the above described plasma processing system in which an 
apparatus for controlling the temperature of an object to be processed is provided. 

The present invention also provides the above described plasma processing system in which the 
50 processing chamber are arranged at both sides of the charge exchange chamber. 

The present invention also provides exciting means for exciting the charge exchange gas at the gas 
supply part provided in the charge exchange zone. 

In the present invention, the charge exchange chamber and the processing chamber is partitioned with 
a porous plate provided with a number of linear microchannel holes through which fine particles such as 
55 neutral particles can pass and of which directions are aligned and therefore the ions introduced from the 
plasma chamber are charge-exchanged in the charge exchange chamber and neutral particles such as 
radicals generated can be introduced into the processing chamber through the above described microchan- 
nel holes. Thus, a neutral particle beam with an extremely high directionality can be generated over the 
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whole area where microchannel holes are formed in the processing chamber. Accordingly, high precision 
plasma processing can be carried out even for an object to be processed with a large area by making a 
porous plate in a size in accordance with the area of the object to be processed. 

The present invention also allows the pressure Pa of the charge exchange chamber 22 to be higher 
than the pressure Pb of the processing chamber 24 (Pa > Pb) as later shown In Fig. 1 and therefore the 
pressure Pa In the charge exchange chamber can be higher than ever. Accordingly, the collision frequency 
of ions, which fly in the charge exchange chamber, with neutral particles such as the radicals can be 
substantially increased and the charge exchange efficiency of ions can be vastly improved. 

Consequently, even if the flying distance of Ions, that is. the length of the charge exchange chamber in 
the direction where the ions fly is reduced, the charge exchange efficiency of ions can be improved better 
then ever and the piasma processing system can be made compact. 

Since the pressure of the processing chamber 24 can be low even though the pressure of the charge 
exchange chamber 22 is to be high, the neutral particles can be irradiated onto the object to be processed 
without causing scattering due to collision of particles and stabilization by which the radicals such as atoms 
or the like become molecules and highly reliable precision etching is enabled. 

In the present invention, the charge exchange chamber in which charge exchange reaction is carried 
out is provided with Ion velocity control means for controlling the velocity of ions to allow to accelerate even 
the ions, which do not have a translation energy produced by the charge exchange reaction, by an electric 
field and also allow again the charge exchange reaction. This reaction is repeated a plurality of times in 
accordance with the size and pressure of the charge exchange chamber and the acceleration energy of ions 
and therefore the neutralization efficiency can be substantially improved and consequently a high speed 
neutral particle beam can be efficiently generated. 

The charge exchange chamber and also the plasma processing system itself can be made compact 
owing to improvement of the neutralization efficiency. 

The following describes the principle for achieving the above fourth subject by providing the gas supply 
parts respectively at the ion source and the charge exchange zone so that material gas and charge 
exchange gas from these gas supply parts can be independently supplied to the ion source and the charge 
exchange zone. 

Assuming that a micro space having a unit sectional area end length dl is filled with gas of pressure P 
and an ion flux of density N and velocity u passes through this space, the continuity equation regarding the 
ions can be expressed as the equation (1) given below; 

d(Nu)/dl = -R (1) 

R of the right side of the above equation (1) denotes the density reducing speed of ions which have 
disappeared through the charge exchange reaction, that is. the charge exchange reaction speed, which Is 
proportional to the ion flux, gas pressure P and the cross section 5 for charge exchange. This charge 
exchange reaction speed can be expressed as the equation (2). In this case, k is a proportional constant. 

R = k a Nu P (2) 

It the ion flux Is defined as F = Nu, the ion flux F which has passed through the charge exchange zone 
(charge exchange chamber) of length 1 can be expressed as the equation (3) according to the equations (1) 
(2). In this case, Fo denotes the Initial ion flux. 

F = Fo exp (-k 8 PI) (3) 

From the above equation (3), It is known that the Ion flux decreases simultaneously with length 1 of the 
charge exchange zone and. in turn, the high speed neutral particle flux (Fo - F) Increases simultaneously 
with length I of the charge exchange zone. If the charge exchange efficiency ij is defined as a ratio of Ions 
which are converted to high speed neutral particles at the charge exchange zone, n is expressed as the 
equation (4). 

, = 1 - exp (-k a PI) (4) 

From the equation (4), it is known that the cross section for charge exchange, pressure and the length for 
charge exchange should be increased to improve the charge exchange efficiency. 

Conventionally, it has been reported that the charge exchange reaction has the largest cross section in 
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cross section of this case Is larger than that of resonant charge exchange. Particularly .t s found oirt 
hiTthe Czatl potential of gas to be supplied to the Ion source Is larger Jt^- ^at oj ^as to be 
suppi ed to the charge exchange zone, the charge exchange cross section w,ll be extremely 'arge_ 
''f r e^arll^ie. Table 1 shoL later indicates the charge e-^<-ge -oss sections w .^^^^^^^^^^ 
measuring the charge exchange reaction efficiency as to gases such as Ar./a. Cfe. Br^ ^^'^^•^ ' f^^ 
yJuS n reference to the values in case of charge exchange reaction of Ar and Ar wh.ch are def ned as I 
FmrTthe resurts shown in Table 1 . it is understood that the gas of atoms end ions hav,ng lager adn has a 
f'g" crosTsectloS7reac«on since the charge exchange cross section in case of Ar and Ar ,s larger than 

%rhlf Ar ofat;ge ionization potential has a larger reaction cross section for any n-t^^' P/?^;^;^- 
Cr des t ■ tl CI and Ar* have the almost same ion radii. In addition in -^^^'^^^ ^ 
^»h«r JL « larae reaction cross section is obtained in the order of Fa (Ar)<Cl2<Br2 (Ar ana are 
:Saral,y eqS S to a synergistic effect of the difference of Ionization potentials and the s.zes of 

"'"mrthtgas excited by a microwave (exciting means) was supplied to the charge exchange zone, the 

tl^t thl rbecause the ionization potential of excited molecule is smaller than a stable molecule. 

ih-^ Phenornr^^^^^^^^ with the above described results of experiments that the charge exchaj^ge 
efficiency S be Ze improved as the ionization potential of gas to be supplied to the .on ^0"^^ 
t?an S^ gas to be supplied to the charge exchange zone. In addition, this phenomenon .s observed 
eoarlL of the^^^^^^^ of gases to be supplied to the ion source and the charge exchange zone and 
hSore similS Swerved even in the case that the material gas to be supplied to ti.e ,on source and the 

higher SSnizSon potential Ln the charge exchange gas to be supplied to the charge exchange zone as the 

Charge exchange efficiency can be funher '-P-d -d a 
higher density neutral particle beam flux can be generated by providing an exciting means for exc.t,ng the 
rharne exchanae aas at the gas supply part provided at the charge exchange zone. , ^. , • 

nSlS^ to ^rpresent invention a neutral particle exciting means for exciting neutral partdes -s 

entering the neuLl particles with such high internal energy into the object to be processed. 

chrrae exchange chamber and the processing chamber are partitioned with a porous plate having 
linerrte thZgh " r n^^^^^^^^^ g-erated in the charge exchange chamber can ^e 'ntroduced .nto 

Ihe" res^^^^^^^^^^^^^ through'the above described through holes and therefore a h,gh speed neutral 

''"^thtcre'r ^Is^rortJ^^^^^^^ can be higher ti.an that in ti,e processing 

chamber anTIheretr^hrcharge exchange efficiency can be further improved and the neutral.zat.on 

" '"'t":jdu"n'Tn'S^^^^^^^ pressure of the processing chamber can be low even though the pressj.e 
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collision and scattering of particles and stabilization in which the radicals of atoms are transfomned to 
molecules In the processing chamber. 

If electrodes are provided on one or both sides of the above described porous plate, these electrodes 
can be used as an electrode which forms an ion velocity control means and an ion repellent electrode and 
5 therefore the plasma processing system can be more compact. 

If a radical supply source for supplying radicals is provided in the processing chamber, the object to be 
processed can be processed, for example, etched while the radicals are being absorbed by the object to be 
processed and the processing rate can be greatly raised accordingly. 

If an apparatus for controlling the temperature of the object to be processed is provided, the object to 
10 be processed can be controlled to an appropriate temperature and therefore high precision processing can 
be performed. 

If an ion extraction electrode Is made as a multilayer plate which is provided with an opening for 
extracting ions and comprises a dielectric and a metal in a double construction, the sen/ice life of the ion 
extraction electrode can be further more extended by arranging the dielectric at the ion source side. 
75 If a neutralizer for neutralizing space charge is provided, the ion extraction efficiency can be raised and 
divergence of the Ion beam can be prevented by providing the neutralizer near the position where ions are 
extracted. 

If two processing chambers are arranged respectively at both sides of the charge exchange chamber, 
the processing can be carried out in the both processing chambers at the same time and therefore the 
20 processing efficiency can be raised. 

The present invention allows high precision plasma processing only with neutral particles even on an 
object with a large area. 

The present invention also allows to construct the plasma processing system for processing an object 
to be processed with a neutral particle beam as a compact system since the charge exchange efficiency 
25 can be raised even though the ion flying distance in the charge exchange chamber is reduced. 

The present invention also allows to cause again the charge exchange reaction of ions since even ions 
which do not have the translation energy produced by the charge exchange reaction in the charge 
exchange chamber can be accelerated and generate a high speed neutral particle beam at a high 
neutralization efficiency without limitation due to the type of material gas. Since the charge exchange 
30 efficiency can be improved even if the Ion flying distance in the charge exchange chamber is reduced, the 
charge exchange chamber can be made more compact and further the plasma processing system can be 
made compact. The apparent neutralization efficiency can be 100 % or over. 

The plasma processing speed for the object can be substantially Improved by providing the radical 
supply source in the processing chamber. 
35 The present invention also allows to generate a high density and high speed neutral particle beam since 
the charge exchange efficiency can be raised by expanding the cross section for charge exchange in 
neutralizing ions extracted from the ion source and therefore vastly raise the plasma processing speed 
Consequently, the etching capable of ensuring low damage, high anisotropy, high selectivity and high 
dimensional controllability is allowed using the neutral particle beam, thus enabling to manufacture 
40 semiconductor devices in terms of deep submicron. 

The present invention also allows to increase the internal energy of neutral particles since neutral 
particles which have only translation energy produced from the charge exchange reaction in the charge 
exchange chamber can be excited and efficiently supply the energy to the object to be processed by 
irradiating such neutral particles to the object, thus greatly promoting reactions. Accordingly, the etching 
45 rate and the film growing rate can be largely raised. 

The above and other objects, features and advantages of the present invention will be more apparent 
from the following description taken in connection with the accompanying drawings, in which: 

Fig. 1 is a rough configuration diagram conceptually showing the etching system (plasma processing 
system) of the first embodiment according to the present invention; 
50 Fig. 2 is a partial perspective view showing magnified part of the principal component of the above 
etching system; 

Fig. 3 is a rought sectional view showing a semi actual configuration of the above etching system; 
Fig. 4 is a rough configuration diagfram showing the plasma processing system of the third embodiment 
according to the present inventon; 
55 Fig. 5 is respectively a magnified partial sectional view showing the principal part of the plasma 
processing system and a rough perspective view showing the ion extracting electrode of the fourth 
embodiment according to the present Invention, 

Fig. 6 is a magnified partial sectional view showing the principal part of the plasma processing system of 
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the fifth embodiment according to the present invention; 

Fig. 7 is a magnified partial sectional view showing the 22incipal part of the plasma processing system of 
the sixth embodiment according to the present invention; 

Fig. 8 is a rough configuration diagram showing the plasma processing system of the seventh 
5 embodiment according to the present invention; 

Fig. 9 is a rough configuration diagram showing the plasma processing system of the eighth embodiment 
according to the present invention; 

Fig. 10 is a rough configuration diagram showing the plasma processing system of the ninth embodiment 
according to the present invention; 
10 Fig. 11 is a rough configuration diagram showing the plasma processing system of the tenth embodiment 
according to the present invention; 

Fig. 12 is a rough configuration diagram showing the plasma processing system of the eleventh 
embodiment according to the present invention; 

Fig. 13 is a rough front view showing the plasma processing system of the twelfth embodiment 

75 according to the present invention; and 

Fig. 14 is a rough illustration showing the conventional problems. 

The preferred embodiments of the present invention are described below in detail, referring to the 
accompanying drawings. 

Rg. 1 is a rough construction diagram conceptually showing an etching system (plasma processing 
20 system) of the first embodiment according to the present Invention. 

The etching system of this embodiment is provided with a plasma chamber (ion source) 20 having 
plasma generating means (not shown), a charge exchange chamber 22 for generating neutral particles such 
as radicals and so on by neutralizing positive ions generated in the plasma chamber 20 through charge 
exchange, and a processing chamber 24 for etching (plasma processing) an object S to be processed with 
26 neutral particles generated from charge exchange reaction. 

The above described plasma chamber 20 is provided with a gas supply port 20A for supplying gas as 
plasma material. 

An ion extracting electrode (grid electrode) 25 made of graphite for extracting ions from the plasma 
chamber 20 to the charge exchange chamber 22 is disposed between the plasma chamber 20 and the 
30 charge exchange chamber 22. 

The charge exchange chamber 22 Is provided with a gas supply port 22A for supplying charge 
exchange gas and an mesh type accelerating electrode 26, which is opposed to the ion extracting electrode 
25, for accelerating positive ions extracted from the plasma chamber 20. The ion extracting electrode 25 
and the accelerating electrode 26 are respectively connected to the ion accelerating power supplies 28A 
35 and 28B for applying an optional voltage across both electrodes In a direction where the Ions are 
accelerated. 

The charge exchange chamber 22 is provided with a mesh type ion repellent electrode 30 in parallel 
with the accelerating electrode 26 to allow to return the ions which have passed through the accelerating 
electrode 26 in a reverse direction. In the drawing, 32 denotes a variable power supply for applying a 

40 desired voltage to the ion removing electrode 30. 

A porous plate ( hereafter also referred to as the "microchannel plate") 34 is provided between the 
charge exchange chamber 22 and the processing chamber 24 to partition these chambers and the 
microchannel plate 34 allows neutral particles generated by the charge exchange chamber 22 so that 
neutral particles may be supplied to the processing chamber 24. In other words, the microchannel plate 34 

45 is provided with a number of linear microchannel holes (fine through holes) 34A each of which extends in 
the direction of thickness as shown in an exploded partial magnified view of Fig. 2 and neutral particles 
such as radicals can pass through these microchannel holes 34A from the charge exchange chamber 22 to 
the processing chamber 24. 

The microchannel plate 34 can be formed with a shower nozzle type thin quartz which comprises an 

50 assemblage of hollow glass fibers each having a hole of. for example, approximately a few micron meters to 
100 um in diameter and its thickness I can be several hundreds of urn to a few millimeters. 

The processing chamber 24 is constructed to fix the object S to be processed with a holder which has 
a temperature control unit to therefore allow to control the object S to be processed at a specified 
temperature at all times. This is described referring to Fig. 3. 

55 Fig. 3 is a rough sectional view showing a substantially actual system which is lengthwisely placed. The 
plasma chamber 20 is provided with a waveguide 20B for introducing a u wave of, for example. 2.45 GHz 
and magnets 50 for ERC are arranged around the plasma chamber 20. Magnets 50 for ERC are also 
disposed around the charge exchange chamber (charge exchange zone) 22 and control magnets 52 are 
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disposed around the charge exchange chamber (charge exchange zone). In the processing channber 24. a 
board holder 54 for supporting and fixing the object S to be processed is installed and connected to the 
thermostatic unit 56 by which the object S to be processed can be controlled, as required, to, for example, 
-100 'C to 80 'C. 

5 The following describes the operation of this embodiment. 

A reactive gas such as clorine (Cb) is supplied as plasma material from the gas supply port 20A to the 
plasma chamber 20 to set the plasma chamber to a condition which allows generation of the plasma in the 
plasma chamber 20, a specified voltage to accelerate positive ions in the direction of the processing 
chamber 24 is applied between two electrodes 25 and 26 by adjusting the power supplies 28A and 28B, 

10 and a potential which enables to push back incident positive ions into the microchannel plate 34 is applied 
from the power supply 32 to the ion repellent electrode 30. Under this condition, the plasma is generated in 
the plasma chamber 20. 

If the plasma is generated under a pressure of approximately 10"' Torr in the case that clorine gas is 
used as plasma material, neutral radicals such as CI* chlorine ion and chlorine atom (CI*) are generally 

T5 produced in the plasma. In this plasma, the densities of a stable molecule (CI2). ions and neutral radicals 
depend on the discharging system and the pressure of the plasma chamber 20 while, in RF discharge, the 
ratio of neutral radicals/ions is approximately 10^ and abundant neutral radicals are contained. 

In the plasma generated under the above described condition, the original densities of chlorine 
molecules, neutral radicals and ions have been observed to be approximately 3 x 1 0^*pcs/cm2, 5 x 

20 10^2pcs/cm2, and 1 x 10^°pcs/cm2. 

In this embodiment, positive ions in the plasma, which are extracted in the arrow direction by the ion 
extracting electrode 25, are accelerated by the accelerating electrode 26 in the charge exchange chamber 
22 and move In the direction toward the processing chamber 24. During this movement, charge exchange is 
carried out and the ions are electrically neutralized and therefore high speed neutral particles of which 

25 directions are aligned are obtained. 

In this case, ions which do not have translation energy are generated by the charge exchange reaction 
in the charge exchange chamber 22, The charge exchange can be carried out again by accelerating even 
such ions by the accelerating electrode 26 to efficiently obtain neutral particles and therefore the 
neutralizing efficiency can be greatly improved. 

30 Neutral particles generated in the charge exchange chamber 22 move In the direction of the microchan- 
nel plate 34 under the condition that they are kept to have high speed and substantially aligned directions 
and pass through the microchannel holes 34A. In this case, the extension directions of microchannel holes 
34A are precisely aligned and therefore the directions of neutral particles are further aligned by the 
microchannel holes 34A, Consequently, neutral particles are introduced into the processing chamber 24 as 

35 neutral particle beams of which directions are completely aligned (directionality is extremely high). 

On the other hand, though neutral particles (such as radicals) in the plasma, which are electrically 
neutral, will not be accelerated by the both electrodes 25 and 26, they move in the charge exchange 
chamber 22, pass through the microchannel holes 34A as the neutral particles generated by charge 
exchange and are introduced into the processing chamber 24 as being aligned in the direction. 

40 As described above, in this embodiment, the neutral particles in the plasma as well as positive ions can 
be Introduced through the microchannel boles 34A after charge exchange and a number of neutral particles 
can therefore be entered into the processing chamber 24 as the neutral beams with extremely high 
directionality. Accordingly, the processing speed can be improved substantially. 

The microchannel holes 34A are an'anged vertically to the microchannel plate 34 and therefore the 

45 neutral particle beams of high directionality can be in'adiated to be vertical to the surface of the object S to 
be processed over the area where the microchannel holes 34A are formed by arranging the object S to be 
in parallel to the microchannel plate 34. For this reason, the etching only with neutral particles can be 
carried out with high accuracy on the whole surface of the object S. 

The charge exchange chamber 22 which is provided with the ion repellent electrode 30. is able to 

50 certainly prevent the ions from being introduced Into the processing chamber 24 and consequently the 
object S can be etched only with complete neutral particles. 

In this embodiment, as in the second embodiment described in detail in the following, the pressure Pa 
of the charge exchange chamber 22 can be larger than the pressure Pb of the processing chamber 24 and 
therefore the frequency of collision of ions with neutral particles such as radicals in the charge exchange 

55 chamber 22 can be increased and the charge exchange efficiency of ions can also be raised. Consequently, 
this embodiment is advantageous in that high precision etching only with neutral particles can be done even 
though the length of the charge exchange chamber 22 is short or the etching system is small-sized. 

In addition, even when the pressure of the charge exchange chamber 22 is set to be high to raise the 
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charge exchange efficiency as described above, the pressure of the processing chamber 24 can be lower 
than in the charge exchange chamber 22 and scattering of fine particle flowing into the processing chamber 
24 through the microchannel plate 34 by collision with particles such as gas in the processing chamber 24 
can be prevented. 

5 For example, if the pressure of the processing chamber 24 is set at 10"^ Torr, the mean free path of 
gas under this condition is approximately 10 cm. If the clearance between the microchannel plate 34 and 
the object S to be processed is set to approximately 1 cm, almost all neutral particles which have passed 
the microchannel holes 34A are not scattered and therefore the neutral particles can be made incident to 
the surface of the object S as the neutral particle beams which are aligned in the direction. 

70 According to this embodiment, as described above, since the microchannel holes 34A are linear and 
normal to the surface of the object S. the neutral particles in the plasma generated in the plasma chamber 
20 as well as positive ions can be made vertically Incident to the surface of the object S as the direction- 
aligned neutral particle beams. 

Thus, the object S can be etched with the direction-aligned neutral radicals which are made vertically 

75 incident to the surface of the object S and therefore the etching of high anisotropy is allowed. Besides, a 
micro loading effect can be prevented since ions are not entered and therefore an extremely high precision 
etching pattern with high anisotropy can be formed. 

Neutral particle beams can be irradiated onto the overall surface of the object S by forming the 
microchannel plate 34 In a size corresponding to the area of the object S, that is, forming the microchannel 

20 holes 34A over a wider range of the processing area of the object S and a highly anisotropic etching can be 
carried out on the object S as a whole even though the processing area is large. 
The effects of this embodiment is described with a practical example. 

The etching system used is provided with the microchannel plate 34 of approximately 160 mm in 
diameter and approximately 1 mm in thickness I having the microchannel holes 34A with diameter d of 
25 approximately 12 jxm. 

A 6-inch silicon wafer with a resist serving as an etching mask deposited on its surface is used as the 
object S to be processed and it is arranged in parallel to the microchannel plate 34 with a clearance of 
approximately 1 cm between the surface of the silicon wafer (etching surface) and the surface of 
microchannel plate 34. 

30 The silicon wafer was etched under the condition that chlorine was introduced into the plasma chamber 
20, discharging was conducted when the pressure Pa of the charge exchange chamber would be 
approximately 10""^ Torr, the pressure Pb of the processing chamber 24 was set to approximately 10"^ 
Torr, a specified voltage was applied between the ion extracting electrode 25 and the accelerating electrode 
26, and a specified potential capable of preventing ions from being irradiated into the microchannel holes 

35 34A was applied to the ion repellent electrode 30. 

As a result, the silicon wafer could be etched as a whole as the mask pattern of high anisotropy. The 
etching speed was high and the etching did not depend on the density of the pattern (etching part) and the 
micro loading effect was not observed. In addition, any deterioration of the film quality due to a charge-up 
was not observed since the etching was carried out only with neutral particles. 

40 The following describes in detail the etching system (plasma processing system) of the second 
embodiment according to the present invention. 

The etching system of this embodiment is as substantially same as the first embodiment except that 
the the pressure of the charge exchange chamber 22 is set higher than that of the processing chamber 24. 
Therefore the following description refers to Fig. 1 . 

45 In this embodiment, as in the first embodiment, a porous plate (hereafter also referred to as the 
"microchannel plate") 34 is provided between the charge exchange chamber 22 and the processing 
chamber 24 to partition these two chambers and the pressures of the above two chambers 22 and 24 can 
be adjusted by this microchannel plate 34 and independently provided vacuum pumps 36A and 36B and 
therefore the pressure Pa of the charge exchange chamber 22 can be set higher than the pressure Pb of 

50 the processing chamber 24, In other words, as in the first embodiment, the microchannel plate 34 allows to 
independently adjust the pressures of the charge exchange chamber 22 and the processing chamber 24 
since the diameter d of the microchannel holes 34A is extremely small as a few micron meters to 
approximately 100 um. 

The operation of this embodiment is described below. 

55 As in case of the first embodiment, when a plasma is generated in the plasma chamber 20, positive 
ions in the plasma are electrically neutralized to become high speed neutral particles which are direction- 
aligned. When passing through the microchannel holes 34A, the neutral particles are further direction- 
aligned at the microchannel holes 34A and introduced as the extremely direction-aligned (excellent 
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directionality) neutral particle beams into the processing chamber 24. In this case, since the microchannel 
holes 34A are formed normal to the microchannel plate 34, the neutral particle beams with higher 
directionality can be irradiated perpendicularly onto the surface of the object S by arranging the object S to 
be normal to the microchannel holes 34A. Accordingly, high precision etching is available for the object S 
as in the first embodiment. 

In this embodiment, the pressure Pa of the charge exchange chamber 22 is set higher than the 
pressure Pb of the processing chamber 24 and therefore the frequency of collision of ions with neutral 
particles such as radicals in the charge exchange chamber 22 can be increased and the charge exchange 
efficiency of ions can be vastly improved. 

Consequently, a long flying distance of ions as conventional is unnecessary to improve the neutraliza- 
tion efficiency of ions to approximately 100 % and therefore the length of the charge exchange chamber 22 
in the ion flying direction can be reduced or the distance between the plasma chamber 20 and the 
processing chamber 24 can be reduced to be close each other and the charge exchange chamber 22 and 
further the etching system can be made compact 

After the silicon wafer on the surface of which an etching mask is mounted was set as the object S to 
be processed at the specified position In the processing chamber 24, using the etching system according to 
the present invention, chlorine gas {CI2) was supplied from the gas supply port 20A to generate the 
plasma, and the charge exchange chamber 22 was set to approximately 10"^ Torr and the processing 
chamber 24 was held at approximately 10"^ Torr to prevent scattering of the beams. 

Positive ions (CI* and C12*) from the plasma chamber 20 were accelerated and extracted to the 
charge exchange chamber 22 and furthermore the charge exchange reaction was conducted while 
accelerating the ions by the accelerating electrode 26. 

Consequently, a neutral particle beam of a low energy as several hundreds of eV could be generated 
by adjusting the voltage across the ion extracting electrode 25 and the accelerating electrode 26. The 
apparent neutralizing efficiency (the percentage of neutral particles produced from one ion) in this case 
could be 100 % or over despite that the system includes the charge exchange between different elements 
with a small cross section for charge exchange. In this case, the ions which have passed the accelerating 
electrode 26 are returned again to the charge exchange chamber 22 by the ion repellent electrode 30 and 
the ions were not irradiated into the processing chamber 24. 

Even though the length of the charge exchange chamber 22 in a direction where the ions are 
accelerated is a few centimeters, the apparent charge exchange efficiency could be close to 100% and, at 
the same time, high precision etching with high anisotropy could be carried out for the silicon wafer by 
appropriately controlling the temperature of the wafer. In this embodiment, the ion removing electrode 30 is 
not always required. 

Fig. 4 shows a rough construction of the etching system of the third embodiment according to the 
present invention. 

The plasma processing system of this embodiment is as substantially same as the etching system of 
the first embodiment except that the processing chamber 24 is provided with a radical supply source 40 for 
supplying the radicals such as CI radical into the processing chamber 24. 

The radical supply source 40 allows to generate the radicals by dissociating gases through discharging. 
This radical supply source 40 can be a type capable of dissociating gases by appropriate means such as 
light, heat or the like. 

In this embodiment, chlorine gas was dissociated in the radical supply source 40 by microwave 
discharging of 2.45GHz. CI radical produced was adsorbed onto the surface of the silicon safer S (an object 
to be processed), chlorine gas was supplied from the gas supply port 20A to the plasma chamber 20 end 
also from the gas supply port 22A to the charge exchange chamber 22, and the etching was carried out 
under the conditions almost Identical to those In case of the first embodiment 

According to the present invention, the silicon wafer S can be etched with the CI neutral particle beam 
while adsorbing CI radical onto the silicon wafer S and the etching rate could be raised several times as 
high as that in case of the first embodiment. 

Fig. 5(A) is a magnified partial sectional view showing the ion extracting electrode disposed in the 
etching system of the fourth embodiment according to the present invention and Fig 5(B) is a rough 
perspective view showing the overall appearance of the Ion extracting electrode. 

In the etching system of this embodiment, an ion extracting electrode 25 shown in Fig. 5 is provided 
between the plasma chamber 20 and the charge exchange chamber 22 and a neutralizer 42 comprising a 
tungsten filament for neutralizing space charge is provided at the Ion extraction side and the other 
construction is as substantially same as the etching of the first embodiment. 

In this embodiment, the ion extracting electrode 25 is formed with the multilayer plate of double 
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construction comprising a glass (dielectric) layer 25B and an aluminum (metal) layer 25C, provided with 
many openings 25A for extraction of Ions, and the glass layer 25B is disposed on the side of the plasma 
chamber 20. 

In this embodiment, the ion extracting electrode 25 is formed with the multilayer plate of double 
5 construction and therefore the ion extraction efficiency could be improved several times better than that In 
case of the first embodiment and, In addition, Ions are prevented from direct contact with the aluminium 
layer 25C and therefore the service life of the ion extracting electrode 25 could be .extended ten times or 
over. 

Since the space charge is neutralized by the neutralizer 42 at a position where ions are extracted from 
70 the ion extracting electrode 25. the ion extraction efficiency could be improved and the divergence of the 
beams could be prevented. 

Fig 6 is a magnified partial sectional view showing part of the microchannel piate adapted to the etching 
system of the fifth embodiment according to the present invention. 

The etching system of this embodiment is as substantially same as the etching system of the first 
15 embodiment except that the microchannel piate 34 has a surface electrode 34B which is formed by 
evaporation-depositing the surface of the microchannel plate at the charge exchange chamber 22 side with 
a metal such as aluminium, the ion removing electrode 30 is eliminated and the surface electrode 348 is 
connected to the power supply 32. 

This embodiment allows to make the surface electrode 348 function as the ion repellent electrode and 
20 therefore the etching system further compact. 

The surface electrode 348 can be formed on the surface of the processing chamber 24 side. As a 
matter of course, the microchannel plate 34 in this embodiment can apply to the etching system of the third 
embodiment. 

Fig. 7 is a magnified partial sectional view showing part of the microchannel plate applied to the etching 
25 system of the sixth embodiment according to the present invention. 

The etching system of this embodiment is as substantially same as the etching system of the first 
embodiment except that the microchannel plate 34 has the first surface electrode 34B and the second 
surface electrode 34C on its both surfaces, the accelerating electrode 26 and the ion repellent electrode 30 
are eliminated, the first surface electrode 348 is connected to the power supply 288 and the second 
30 surface electrode 34C Is connected to the power supply 32. 

This embodiment allows to make the above first surface electrode 348 function as an accelerating 
electrode and the above second surface electrode 34C function as an Ion repellent electrode and therefore 
the etching system can be made further compact as compared with the etching system of the above fifth 
embodiment. 

35 As a matter of course, the microchannel plate 34 according to this embodiment can apply to the etching 

system of the above third embodiment. 

Fig. 8 is a rough construction diagram showing the etching system of the seventh embodiment 

according to the present invention. 

The etching system of this embodiment is provided with a plasma chamber (ion source) 20 having 
40 plasma generating means (not shown), a charge exchange chamber 22 for neutralizing positive ions 

generated in the plasma chamber 20 through charge exchange and generating neutral particles such as 

radicals, and two processing chambers 24A and 248 which are arranged at both sides of the charge 

exchange chamber 22 to carry out etching (plasma processing) of an object S to be processed with neutral 

particles generated by charge exchange reaction. 
45 The plasma chamber 20 is provided with the gas supply port (not shown) for supplying gas which is a 

plasma material. 

The ion extracting electrode (grid electrode) 25 made of graphite for extracting ions from the plasma 
chamber 20 to the charge exchange chamber 22 Is provided between the plasma chamber 20 and the 
charge exchange chamber 22. 

50 In the charge exchange chamber 22, the gas supply port 22A which supplies gas for charge exchange 
is provided and the first, second and third mesh electrodes 126A. 1268 and 126 C, which form the ion 
velocity control means for controlling the velocity of positive ions extracted from the plasma chamber 20 are 
installed opposing each other with the specified distance, and the ion control power supplies 128A, 128B 
and 1 28C capable of applying a desired voltage to control the velocity of Ions are connected between these 

55 first to third mesh electrodes 126A to 126C. These first to third mesh electrodes 126A to 126C can be the 
grid electrodes made of graphite as the ion extracting electrode. 

A porous plate (microchannel plate) 130A is provided between the charge exchange chamber 22 and 
the processing chamber 24A to partition these chambers, and the pressures of both chambers 22 and 24A 
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can be independently adjusted by this microchannel plate 130A and vacuum pumps 132a and 132B which 
are separately provided. Therefore the pressure of the charge exchange chamber 22 can be set higher than 
the pressure of the processing chamber 24A and, at the same time, the microchannel plate 130A can allow 
the neutral particles generated by the charge exchange chamber 22 to pass through It and to be supplied to 

5 the processing chamber 24A. The other processing chamber 24B is partitioned from the charge exchange 
chamber 22 with the microchannel plate 130B and constructed to have similar functions. 

The above microchannel plates 130A and 1308 are the same as shown in Fig.2 and allow the neutral 
particles such as radicals to pass through the linear microchannel holes (fine through holes) 34A, which 
extend in the direction of thickness of the microchannel plate, from the charge exchange chamber 22 to 

10 both processing chambers 24A and 248. and the pressures of the charge exchange chamber 22 and the 
processing chambers 24A and 248 can be independently controlled. 
The operation of this embodiment is described below. 

A gas such as chlorine gas (Cb) is supplied as a plasma material from the gas supply port to the 
plasma chamber 20 to set a condition where the plasma can be generated in the plasma chamber 20, the 

75 pressure of the charge exchange chamber 22 is set higher than the pressure of the processing chamber 24, 
a positive bias voltage is applied to the first and second mesh electrodes 126A and 126B and a negative 
bias voltage is applied to the third mesh electrode 126C, a specified field is applied across the mesh 
electrodes whereby a plasma is generated under the above condition In the plasma chamber 20. 

Positive ions in the plasma are extracted to the charge exchange chamber 22 by the ion extracting 

20 electrode 25, accelerated between the third mesh electrode 126C and the first and second mesh electrodes 
126A and 1268 in the charge exchange chamber 22, reciprocated between the first and second mesh 
electrodes 126A and 1268, electrically neutralized by charge exchange during the above processes and 
become high speed neutral particles which are direction-aligned. 

In this case, the ions which do not have a translation energy are produced by charge exchange reaction 

25 in the charge exchange chamber 22. These Ions can be efficiently transformed to neutral particles by 
accelerating even such Ions with the third mesh electrode 126C and reciprocating the ions between the first 
mesh electrode 126A and the second mesh electrode 1268 to carry out again the charge exchange and 
therefore the neutralization efficiency can be vastly improved and the density of neutral particles can be 
raised. 

30 Neutral particles generated by the charge exchange chamber 22 are accelerated and moved In the 
directions of the microchannel plates 130A and 1308 to pass through respective microchannel holes 34A 
when their directions are roughly aligned, and therefore the directions are further aligned by the microchan- 
nel holes 34A. Consequently, neutral particles are introduced into the both processing chambers 24A and 
248 as the neutral particle beam with excellent directional alignment (high directionality). In this case, the 

35 microchannel holes 34A are formed to be normal to the microchannel plate 130A (1308) and therefore the 
neutral particle beam with high directionality can be irradiated vertically to the surface of the object S by 
arranging the object S to be normal to the microchannel holes 34A. Accordingly, high precision etching can 
be carried out simultaneously on the objects S to be processed which are disposed respectively In the 
processing chambers 24A and 248. 

40 In the charge exchange chamber 22. the first and second mesh electrodes 126A and 1268 to which a 
positive bias voltage is applied are arranged at the sides of the processing chambers 24A and 248 and the 
introduction of ions into the processing chambers 24A and 24B can be certainly prevented. Consequently 
the object S can be etched with complete neutral particles. 

In this embodiment the pressure of the charge exchange chamber 22 is set higher than the pressures 

45 of the processing chambers 24A and 248 and therefore the frequency of collision of ions with neutral 
particles composed of radicals and molecules in the charge exchange chamber 22 can be increased and 
the ion neutralization efficiency can be further improved. 

Consequently, such a long flying distance of ions as conventional is unnecessary to obtain the ion 
neutralization efficiency of approximately 100 %, the length of the charge exchange chamber 22 in the 

so flying direction of ions (the horizontal direction in the drawing) can be reduced, and the charge exchange 
chamber 22 and further the etching system can be made compact. 

After setting, as the object S to be processed, a silicon wafer on the surface of which an etching mask 
is mounted at the specified positions of the processing chambers 24A and 24B, respectively, using the 
etching system of this embodiment, chlorine gas (CI2) was supplied from the gas supply port to generate 

55 the plasma, the pressure of the charge exchange chamber 22 was set to approximately 10"^ Torr and the 
pressures of the processing chambers 24A and 248 were held at approximately 10"^ Torr to prevent 
scattering of the beam. 

Positive ions (CI* and CI2*) were extracted from the plasma chamber 20 to the charge exchange 
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chamber 22 and the charge exchange reaction was caused to occur by recrprocating the Ions between the 
first and second mesh electrodes 126A and 126B while accelerating the ions by the third mesh electrode 
126C. 

Consequently, a neutral particle beam with a low energy of several hundreds of eV could be generated 
5 by adjusting the voltage across the ion extraction electrode 25 and the first to third mesh electrodes 126A 
to 126C. The neutral particle beam was equally Irradiated into the processing chambers 24A and 24B 
located at both sides of the charge exchange chamber 22. Accordingly, two objects S to be processed 
could be etched at the same time and the processing efficiency could be substantially improved. 

The apparent neutralization efficiency (the percentage of neutral particles produced from one ion) in this 
70 case could be 100 % or over despite that the system includes the charge exchange between different 
elements with a small cross section for charge exchange. In this case, the ions were returned to the inside 
of the charge exchange chamber 22 by the first and second mesh electrodes 126A and 126B and the Ions 
were not irradiated into the processing chambers 24A and 248. 

Even though the length of the charge exchange chamber 22 in a direction where the ions are 
75 accelerated is a few centimeters, the apparent charge exchange efficiency could be close to ICQ % and, at 
the same time, high precision etching with high anisotropy could be carried out for the silicon wafer S by 
appropriately controlling the temperature of the wafer. 

Fig. 9 shows a rough construction of the etching system of the eighth embodiment according to the 
present invention. 

20 The plasma processing system of this embodiment is as substantially same as the etching system of 
the seventh embodiment except that the processing chambers 24A and 248 are provided with the radical 
supply sources 134A and 1348 for supplying the radicals such as CI radical into the processing chambers 
24A and 248. 

The above radical supply sources 134A and 1348 allow to generate the radicals by dissociating the gas 
25 through microwave discharging. These radical supply sources 134A and 1348 can be of a type capable of 
dissociating the gas by appropriate means such as light, heat or the like. 

In this embodiment, chlorine gas was dissociated in the radical supply sources 134A and 1348 by 
microwave discharging of 2.45 GHz, the CI radical produced was adsorbed onto the surface of the silicon 
wafer S (an object to be processed), chlorine gas was supplied from the gas supply port to the plasma 
30 chamber 20 and the etching was carried out under the conditions almost identical to those in case of the 
seventh embodiment. 

According to this embodiment, the silicon water S can be etched with the CI neutral particle beam while 
adsorbing the CI radical onto the silicon wafer S and therefore the etching rate could be raised as several 
limes high as that in case of the seventh embodiment. 
35 The ion velocity control means for reciprocating the ions In the charge exchange chamber is not limited 
to the above described first to third mesh electrodes and means capable of providing similar functions is 
also permitted. 

Fig. 10 is a rough construction diagram showing the etching system of the ninth embodiment according 
to the present invention. 

40 The etching system (plasma processing system) of this embodiment employs the ECR (Electron 
Cyclotron Resonance) plasma system and is provided with the ion source 210, the charge exchange zone 
212 for neutralizing ions extracted from the ion source and the processing chamber 214 for etching (plasma 
processing) the object S to be processed by irradiating the neutral particles generated by the charge 
exchange zone 212, and is constructed as a vacuum chamber 216 as a whole. 

45 The ion source 210 and the charge exchange zone 212 are partitioned by the ion extracting electrode 
218 for extracting the ions from the ion source 210 to the charge exchange zone 212, and the charge 
exchange zone 212 and the processing chamber 214 are partitioned by the ion repulsion electrode 220 for 
preventing Irradiation of ions into the processing chamber 214. 

The charge exchange zone 212 is a space area in the vacuum chamber 216 partitioned by the ion 

50 extracting electrode 218 and the ion repulsion electrode 220, and the ion control electrode 222 for 
accelerating the ions generated by charge exchange reaction is provided at a position nearby the ion 
repulsion electrode 220 in the charge exchange zone 212. 

A microwave source 224 is connected to the ion source 210 through the waveguide 224A and an 
electromagnetic coil 226 is disposed around the ion source 210. 

65 DC variable power supplies 228A, 228B and 228C are connected to the ion extracting electrode 218, 
the ion repulsion electrode 220 and the ion control electrode 222, and a desired negative potential for 
extracting the ions from the ion source 210 is applied to the ion extracting electrode 218, a desired positive 
potential for preventing irradiation of ions from the charge exchange zone 212 into the processing chamber 
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214 is applied to the ion repulsion electrode 220 and a desired negative potential for accelerating low 
velocity ions generated in the charge exchange zone 212 is applied to the ion control electrode 222. 

In this embodiment, the Ion source 210 and the charge exchange zone 212 are respectively provided 
with gas supply tubes 230A and 230B which allow to independently supply material gas to the Ion source 
5 210 and charge exchange gas to the charge exchange zone 212. 

The following describes the operation of this embodiment. 

h/laterial gas and charge exchange gas are supplied at specified flow rates from the a gas reservoir (not 
shown) to the Ion source 210 and the charge exchange zone 212, and the pressures of the ion source 210, 
charge exchange zone 212 and processing chamber 214 are reduced to the specified levels by vacuum 
TO means, not shown, and the plasma it generated in the ion source 210 by the microwave source 224 and the 
electromagnetic coil 226. 

A specified bias voltage is applied in advance to the ton extracting electrode 218, ion repulsion 

electrode 220 and ion control electrode 222, respectively, and therefore the ions produced by the ion 

source 210 are extracted with a fixed energy by the ion extracting electrode 218 to the charge exchange 
T5 zone 212. These tons are changed to high speed neutral particles at the charge exchange zone 212 by the 

charge exchange reaction with charge exchange gas introduced from the gas supply tube 230. The high 

speed neutral particles are entered Into the processing chamber 214 and irradiated onto the object S stored 

in the processing chamber, and the object S is etched. 

In this case, the low speed ions generated from neutral particles (charge exchange gas) through charge 
20 exchange reaction in the charge exchange zone 212 are accelerated by the ion control electrode 222 and 

new high speed neutral particles are further generated by charge exchange reaction. Therefore the density 

of the high speed neutral particle beam can be increased. 

In this embodiment, since the system Is constructed so that material gas and charge exchange gas can 

be independently supplied to the ion source 210 and the charge exchange zone 212, a combination of 
25 these gases can be set as required. Selection of an appropriate combination of both gases allows etching 

with high charge exchange efficiency and further a practical level of etching with the neutral particle beam 

to be implemented. 

The following describes the results of etching actually made on a silicon wafer (object to be processed) 
S using the above described etching system. The conditions for the plasma were set as shown below: the 

30 pressure was set to 1 mifliTorr, the microwave power to 1 kW, the ion extracting electrode 218 to -50 V, the 
Ion control electrode 222 to -80 V and the ion repulsion electrode 220 to + 150 V. 

tt is presumed under these conditions that the ions will be extracted with an energy of approximately 50 
eV from the ion source 210 to the charge exchange zone 212 and the kinetic energy of high speed neutral 
particles to be irradiated into the processing chamber 214 will be approximately 50 to 80 eV. 

35 Under the above conditions, Ar, Fa, CI2, Br2 and Xe were used as the gas species and the etching was 
carried out with required combinations of these gases as material gas to be supplied to the ion source 210 
and charge exchange gas to be supplied to the charge exchange zone 212. The results thus obtained are 
shown in Table 1. Table 1 shows the cross section for charge exchange, that is, the charge exchange 
efficiencies when the etching was carried out under the above conditions and combinations of gases with 

40 the gas flow specified to be 50 seem in all processings. 
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The table 1 indicates that the etching speed In the case that CI2 (In Table 1 , the ion source corresponds 
to CI ) Is used as material gas and Ar. CI2 and Bra are used as charge exchange gas (in Table 1, 
corresponding to the neutral particle) is 150, 300 or 800 angstrom/min, and a higher etching speed Is 
obtained In accordance with the charge exchange efficiency. 
5 As described above, this embodiment allows to carry out the etching under a desired combination of 
material gas and charge exchange gas and therefore substantially improve the charge exchange efficiency 
by appropriately setting a combination of gases and easily practice the etching with a. neutral particle beam. 

In addition, the charge exchange efficiency can be vastly raised by combining a larger ionization 
potential of material gas than that of charge exchange gas. 
70 Fig. 11 is a rough construction diagram showing the etching system of the tenth embodiment according 
to the present invention. 

The etching system of this embodiment is as substantially same as the etching system of the above 
ninth embodiment except that a microwave plasma source (exciting means) 232 is provided for the gas 
supply tube 230B connected to the charge exchange zone 212 and a microwave source 234 Is connected 
75 to the microwave plasma source through the waveguide 234A. 

The etching system of this embodiment allows to supply the charge exchange gas excited by the 
plasma source 232 to the charge exchange zone 212, substantially improve the charge exchange efficiency 
since material gas can be made to have a higher ionization potential than charge exchange gas even when, 
for example, both material gas and charge exchange gas are to be the same kind of gas, and greatly 
20 Increase the etching speed. 

In the etching with the system of this embodiment under the same conditions as the above ninth 
embodiment, the etching speed was raised as two times high as that in the ninth embodiment in any 
combination of gases. 

Though the ion control electrode 222 is provided in the ninth and tenth embodiments, this ion control 
25 electrode 222 is not always required. If this electrode Is not provided, low speed ions will not be re- 
accelerated. However, the present invention ensures an extremely high charge exchange efficiency and 
therefore a sufficient amount of high speed neutral particles can be generated by one charge exchange 
reaction. 

Fig 1 2 is a rough configuration showing the etching system of the eleventh embodiment according to 
30 the present invention. 

The etching system of this embodiment is as substantially same as the etching system of the first 
embodiment except that the microwave plasma source (exciting means) 232 Is provided for the gas supply 
port 22A connected to the charge exchange chamber 22 and the microwave source 234 is connected to the 
microwave plasma source 232 through the waveguide 234A. 
35 The etching system of this embodiment allows to supply the charge exchange gas excited by the 
plasma source 232 to the charge exchange chamber 22, substantially improve the charge exchange 
efficiency since material gas can be made to have a higher ionization potential than charge exchange gas, 
and greatly increase the etching speed. 

In the etching with the system of this embodiment under the same conditions as the above first 
40 embodiment, the etching speed was raised as two times high as that in the first embodiment. 

Using the etching system of this embodiment, the etching was carried out with the material gas to be 
supplied to the plasma chamber 20 through the gas supply port 20A as a gas with a higher ionization 
potential than the charge exchange gas to be supplied to the charge exchange chamber 22 through the gas 
supply port 22A. 

45 The etching was carried out under the substantially same conditions as in the first embodiment except 
that argon (Ar) was used as material gas and chlorine (CI2) as charge exchange gas. 

This etching method allows to greatly improve the charge exchange efficiency and further vastly 
Increase the etching speed. 

In actual etching under the above described conditions, the etching speed was raised as three times 
50 high as In the first embodirnent. 

Combination of material gas and charge exchange gas is not limited to that in this embodiment and can 
be determined as desired. 

Exciting means is not limited to the microwave and can be a type capable of exciting gas by 
appropriate means such as light and heat. 
65 Fig. 13 is a rough front view conceptually showing the etching system of the twelfth embodiment 
according to the present Invention. 

In case of the etching system of this embodiment, the plasma chamber 20, charge exchange chamber 
22 and processing chamber 24 are formed, as a whole, in a substantially tubular shape as illustrated in Fig. 
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13 showing the outline of the external profile, the periphery of the charge exchange channber 22 Is partly 
formed with a quartz glass 22B and the xenon lamp (neutral particle exciting means) 238 Is provided on the 
outer periphery of the quartz glass 22B. Other configurations of the system are substantially identical to the 
etching system of the first embodiment (Fig. 1). 
5 The following describes the operation of this embodiment. 

A gas such as chlorine (CI2) is supplied as plasma material from the gas supply port 20A to the plasma 
chamber 20 to generate a plasma in the plasma chamber 20 as in the first embodiment and, at the same 
time, the xenon lamp 238 is started to irradiate inside the processing chamber 24 with the xenon lamp 238. 

Positive ions In the plasma are extracted by the ion extracting electrode 25 in the arrow direction, 
70 accelerated by the accelerating electrode 26 in the charge exchange chamber 22 and move in the 
processing chamber 24. The ions are electrically neutralized by charge exchange during the above 
movement and become high speed direction-aligned neutral particles. 

Neutral particles generated in the charge exchange chamber 22 are excited by the xenon lamp 238, 
move in the direction of the microchannel plate 34 under the condition that the neutral particles are roughly 
75 direction-aligned and pass through the microchannel 34A. Therefore the neutral particles are roughly further 
direction-aligned by the microchannel holes 34A, consequently, extremely direction-aligned (high direc- 
tionality) and are introduced into the processing chamber 24 as a neutral particle beam with high internal 
energy. 

In this case, since the microchannel holes 34A are perpendicularly formed in the microchannel plate 34, 

20 the neutral particle beam with high directionality can be entered perpendicularly to the surface of the object 
S to be processed by arranging the object S normal to the microchannel holes 34A. Accordingly, high 
precision etching of the object S similar to the first embodiment can be done at an extremely high speed. 

In the use of the etching system of this embodiment, a silicon wafer was set as the object S to be 
processed at the specified position of the processing chamber 24 and the etching for a polysliicon layer on 

25 the wafer was conducted using an oxidized film as the mask as described below. 

Chlorine (CI2) gas was supplied from the gas supply port 20A to generate the plasma, the charge 
exchange chamber 22 was set to approximately 10"^ Torr, the processing chamber 24 gas held at 
approximately lO'^ Torr to prevent scattering of the beam, positive ions (CI*, CI2*) from the plasma 
chamber 20 were accelerated and extracted to the charge exchange chamber 22, charge exchange reaction 

30 was made to occur while the ions were being accelerated by the accelerating electrode 26, and neutral 
particles generated were made to be excited state by an energy from the xenon lamp 238. 

Practical conditions adopted for excitation are such that a Hg-Xe lamp Is used as a light source, the 
energy is 300 mW/cm^ at the outer periphery of the charge exchange chamber and the main wavelength of 
Incident beam into the charge exchange chamber is 300 to 400 nm. 

35 Consequently, the neutral particle beam which was excited to have a high internal energy despite that 
the translation energy was low as several hundreds of eV could be generated by adjusting the voltage 
across the ion extracting electrode 25 and the accelerating electrode 26 and the output of the xenon lamp 
238 and therefore the etching rale could be raised as approximately ten times high as that when the neutral 
particles are not excited, and vertical etching shapes could be obtained without undercuts. 

40 The etching system of the thirteenth embodiment according to the present invention is described below. 
The plasma processing system of this embodiment is as substantially same as the above twelfth 
embodiment except that the system configuration except for the xenon lamp 238 disposed around the 
quartz glass 22B is substantially same as the third embodiment (Rg. 4) in which the radical supply source 
40 for supplying radicals such as CI radical is provided in the processing chamber 24. 

45 In this embodiment, chlorine gas was dissociated by microwave discharging of 2.45 GHz at the radical 
supply source 40, CI radical generated was adsorbed onto the surface of the silicon wafer (object to be 
processed) S, chlorine gas was supplied from the gas supply port 20A to the plasma chamber 20, and the 
etching was carried out under the same conditions as in the first embodiment. 

This embodiment allows to etch the silicon wafer S with the neutral particle beam of Gl while adsorbing 

50 the CI radical onto the silicon wafer S and therefore the etching rate could be raised as several times high 
as that in the twelfth embodiment. 

The above has specifically described the present invention. However, the present invention Is not 
limited to the above described embodiments and is variably available without deviation from the spirit and 
scope of the invention. 

55 For example, the ion extracting electrode 25 shown in Fig. 5 and applied to the fourth embodiment and 
the microchannel plate 34 applied to the fifth and sixth embodiments can apply to the etching system of 
other embodiments. 

The neutral particle exciting means is not limited to the xenon lamp 238 shown in the above 
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embodiments and. for example, eximer laser, heat, microwave or electron beam can be used as other 
exciting means. 

An Ion collecting electrode can be used. This Ion collecting electrode, which can be replaced for the ion 
repellent electrode, is installed on the internal wall of the system between the accelerating electrode and the 
microchannel plate and can be negative-biased in reference to the accelerating electrode. 

The neutrallzer shown in the fourth embodiment Is not limited to the coil type and its shape can be 
changed as desired. For example, the neutralizer can be a linear wire made of tungsten disposed in the 
radial direction of the ion extracting electrode. 

The above neutralizer can apply to other embodiments as well as the fourth embodiment. 

Plasma material is not limited to chlorine and plasma generating means is not limited. 

Pressure Pa of the charge exchange chamber need not be larger than pressure Pb of the processing 
chamber and can be almost equal to the latter. 

The plasma processing system of the present Invention is not limited to the etching system and can 
apply to other plasma processings. 

For example, the plasma processing system of the present invention, which is effective as a film 
forming system, allows to obtain highly fine and high quality films with less damage and stress and has 
been recognized highly useful. 

Claims 

1. A plasma processing system comprising 

a plasma chamber (20) having plasma generating means. 

a charge exchange chamber (22) for neutralizing ions generated by said plasma chamber and 

a processing chamber (24) for processing an object (S) to be processed by Irradiating neutral particles 

which are neutralized in said charge exchange chamber, 

wherein said charge exchange chamber and said processing chamber are partitioned with a porous 
plate (34) provided with a number of linear microchannel holes (34A) allowing fine particles to pegs 
through from said charge exchange chamber to said processing chamber. 

2. A plasma processing system comprising 

a plasma chamber (20) having plasma generating means, 

a charge exchange chamber (22) for neutralizing Ions generated by said plasma chamber and 

a processing chamber (24) for processing an object (S) to be processed by irradiating neutral particles 

which are neutralized in said charge exchange chamber, 

wherein pressure adjusting means (36A, 36B) for making the pressure (Pa) of said charge exchange 
chamber to be higher than the pressure (Pb) of said processing chamber is provided. 

3. A plasma processing system comprising 
an ion source (20). 

a charge exchange chamber (22) for neutralizing ions extracted from said ion source by an extraction 
electrode (25) and 

a processing chamber (24) for processing an object (S) to be processed with incident neutral particles 
generated from said charge exchange chamber, 

wherein said charge exchange chamber is provided with means (26, 28A, 28B) for controlling the 
velocity of ion. 

4. A plasma processing system comprising 
an Ion source (210), 

a charge exchange zone (212) for neutralizing ions extracted from said ion source and 

a processing chamber (214) for processing an object (S) to be processed with Incident neutral particles 

generated by said charge exchange zone, 

wherein said ion source and said charge exchange zone are respectively provided with gas supply 
parts (230A. 230B) from which material gas and charge exchange gas can be independently supplied 
to the ion source and the charge exchange zone. 

5. A plasma processing system comprising 
an ion source (20), 

a charge exchange chamber (22) for neutralizing Ions extracted from said ion source and 
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a processing chamber (24) for processing an object (S) to be processed with incident neutral particles 
generated by said charge exchange chamber, 

wherein said charge exchange chamber is provided with means (238) for exciting neutral particles 
generated. 

5 

6. A plasma processing system In accordance with one of claims 2 to 5, wherein said charge exchange 
chamber (22) and said processing chamber (24) are partitioned with a porous plate (34) in which a 
number of linear micro through holes (34A) are formed. 

10 7. A plasma processing system in accordance with claim 1 or 6, wherein an electrode (34B) is formed at a 
side of said porous plate. 

8. A plasma processing system in accordance with claim 1 or 6, wherein an electrode (34B, 34C) is 
formed at both sides of said porous plate. 

J5 

9. A plasma processing system in accordance with one of claims 1 to 5, wherein said processing chamber 
(24) is provided with a radical supply source (40). 

10. A plasma processing system in accordance with one of claims 1 to 5, wherein an ion extraction 
20 electrode (25) is formed with a multilayer plate comprising a dielectric (25B) and a metal (25C) in a 

double construction which is provided with an opening for extracting ion. 

11. A plasma processing system in accordance with one of claims 1 to 5. wherein a neutralizer (42) for 
neutralizing space charge is provided. 

25 

12. A plasma processing system in accordance with one of claims 1 to 5, wherein an apparatus (56) for 
controlling the temperature of said object to be processed is provided. 

13. A plasma processing system in accordance with one of claims 1 to 5, wherein a processing chamber 
30 (24A, 248) is arranged at both sides of the charge exchange chamber (22). 

14. A plasma processing system in accordance with claim 4, wherein the gas supply part (230B) provided 
at the charge exchange zone (212) is provided with exciting means (232) for exciting the charge 
exchange gas. 

35 

15. A plasma processing method which uses a plasma processing system comprising an ion source (210), 
a charge exchange zone (212) for neutralizing ions extracted from said ion source, and a processing 
chamber (214) for processing an object (S) to be processed with incident neutral particles generated 
form said charge exchange zone, said ion source and said charge exchange zone being provided with 

40 gas supply parts (230A. 230B) respectively to allow independent supplying of material gas and charge 
exchange gas from said gas supply parts to the Ion source and the charge exchange zone, 
wherein gas which has a larger ionization potential than the charge exchange gas to be supplied to the 
charge exchange zone, is used as material gas to be supplied to the ion source. 

45 
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FIG. 7 
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